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REPORT OF EXPERIMENTAL RESULTS 1977 ii$ 
J.W. Gartrell 
Plant Research Division 
TRACE ELEMENT NUTRI'l'ION 
13 i 
''.I. Factors influencing the effectiveness of mixed copper-superphosphate 
fertilizers. 
1 .. 77LG30?24 7 Ex: J. Mil ton, L. Grace . with Jarvis and Porritt. 
OBJECTIVES: To test the influence of the effectiveness of copper 
fertilisers on wheat of the fol~owi~g; 
1. The form of the added copper - copper sulphate (S) 
vis a Vis the oxide (O)o . _ -
2. The method of incorporation of the added copper into 
the superphosphate - wet mixed (W.M.) vs dry mixed (D.M.)~ 
3. The influence of particle size of copper - super mixes, 
particularly in the case of wet mixes .. 
4. The interactions between 1, 2 8fd 3 above. 
5. Met~od of application of copper - super mixes - drilled 
(D) with seec;l vs topdressed immedi.ately before seeding 
(IBS). 
6. 
7. 
Depth of application of copper-super mixes drilled with 
seed. 
Spray application - copper sulphate spra;red (SPR) onto 
the soil immediately before seeding (IBSJ, or immediately 
after seeding (IAS) and a foliar spray 6 weeks after 
seeding (6WAS) the latter being a treatment which we 
have found to give satisfactory results). 
Experimental Details: 
Soil type: 
Paddock history: 
Date sown: 
Basal fertilisers: 
Approximate Seed-
ing depths: 
Yellow brown lateritic earth (Gn 2.21) 
Cleared from virgi.n scrub - burnt, ploughed, root-. 
raked 1976/77. No previous fertilizer. 
22nd and 23rd June 1977. Gamenya wheat @ 50 kg/ha. 
Armnonium nitrate (J/$ N) @ 95 kg/ha topdressed · 
(T .. D., IBS). Mo oxide 180kg/ha + Zn01 kg/.ba T.D., 
IBS mixed with the T.D. basal super except in the 
case of treatments 38 and 39 where the Mo and Zn 
were W.M. in the commercial No. 1. Cu, Zn, Mo 
super drilled with the seed. 
Superphosphate: 200 kg/ha T.D., IBS + 200 kg/ha D 
with seed for treatments 1-12, 19-43. 
Superphosphate: JIJO kg/ha T.D., IBS + 100 kg/ha D 
with seed for treatments 12-18. 
All treatments except 3S and 39 drilled 3.5 to 
4.,5 cm .. 
13:1. 
Design: 
- 2 -
Treatment 38 drilled 1 cm (centre rows) to 3 cm 
(edge rows ) • 
Treatment 39 drilled 5.5 to 6.5 cm, 
43 treatments x 3 replications in randomised 
blocks. 
·TABLE 1. ·VARIABLE TREATMENTS·AND·TREATMENT NUMBERS 
... 
·Cu (kg/ha) ·drilled with· 200 · kg/ba super 1.32 2.64 .. . . . --·-
· ·Fineness· 2 1 M F L M F 
~ - . - ---· - - . 
Source Cu sulphate 25% Cu 1 3 5 7 9 11 
· · · · · Ou ox:L_de 75% Cu 2 4 6 8 10 12 
· Cu (kg/ha) drilled with 100 kg/ha super 0.66 
Fineness L M F -
Source Cu sulphate 13 15 17 .. . " Cu oxide 14 16 18 -
·Mix Crushed or not . Not crushed Crushed 
.. ·-
Cu (kg/ha) dry mixed and drilled with 200 kg/ha super 0.165 0~33 0.66 1.32 0, 165 0;,33 o,66 1.32 
•-· .. 
Source Cu sulphate 19 21 23 25 27 29 31 33 
Cu oxide 20 22 24 26 28 30 32 34 
-
35. Spray about 6 W.A.S,, 2.2 kg/ha Cu sulphate in 110 l/ha water. 6 W.A.S. = 6 weeks after seeding. 
36. Spray IBS 5 kg/ha Cu sulphate in 110 l/ha water. IBS = Immediately before SEied.ing. 
37. Spray IAS 5 11 " 11 11 11 11 IAS = Immediately after seeding. 
38. 200 kg/ha Comm. No. 1 shallow in dry,ground. 
39. 200 11 11 11 deeper in moist ground. 
J.!J. Nil Cu. 2 
41. 0.33 kg/ha Cu dry mixed crushed in 200 kg/ha super T.D before seeding. Cu as sulphate. 
1;2. 0~33 II II II II II II u II II II II II Cu as oxide. 
1;3. Nil Cu. 
1. Treatments 1-18 all wet mixed commercially. 
2. L = 0.31 to 0.62 cm dii:i.~ M passes 10 mesh not 50. F = <. 50 mesh. 
3. Before seeding with hoses off. 
-
\;..) 
I 
Plot size sown: JjJ m x 201 m. Plot size Mrvested: 40 m x 1 78 m 
(10 inside rows) 0.4 m buffers between plots. Machine harvested. 
Materials: 
CSBP prepared special batches of copper sulphate and copper oxide super-
phoi:iphates at two ccmcentratio;ns of Cu (0~66 and 1 e32% Cu) wet mixed i~ 
their cormnercial plant by the method normally used to produce their range 
of copper super mixes., These were sieved to obtain three grades of particle 
size. 
Large granules: 
Medium 11 
F.ine 11 
0 ,, 31 to 0. 62 cm diameter,, 
passed 10 mesh, not 50 mesh. 
passed 50 mesh. 
These are yet to be analysed for Cu content to check on the possibility 
of differential segregation of the Cu. This material was used fortreat-
ments 1-18. The 0 .• 66% Cu supers (W.M ... ) were used in treatments 1-6 and. 
13=18. It should be noted that the treatments 13-18 differ from treatments 
1-6 by h!;3.ving half the number of Cu-super granules to give half the rate 
of copper application, whereas treatments 7-12 differ from treatments 1-6 
by having double the concentration of Cu in the same number of granules 
as treatments 1-6.. Dry mixes, treatments 19-34, 41 and 42 were prepared 
from Cu materials and plain super obtained from CSBP. They were mixed in 
a concrete mixer by us at South Perth. The ''crushedn materials were 
produced 1lsing a hammer mill. 
The commercial No. 1 Cu Zn Mo super mix used in treatments 38 and 39 was 
obtained from a farmer at Ie.ke Grace. This came from the farmer's stock 
supplies which had failed to i'ully correct copper deficiency in the farmer's 
crop in 1 o/76 <· 
The copper sulphate used in the spray treatments was normal commercial 
crystalline copper sulphate~ 
Results: 
1 • Grain yields 
Despite considerable care in selecting a site which appeared un;iform 
with respect to observable variation in soil type and topography, the 
site proved unusually patchy with respect to the degree o.f copper 
deficiency exhibited by wheat on low copper treatments, and apparently 
due to slight differences in moisture relations, crop growth with 
a,Q.equate copper was much better in some sections of the experimental 
block than in otherso Because the growing season was critically dry 
up until September 21j crop gi-oWtri. was extremely sensitive to these 
slight differences in soil moisture relations. Additionally, because 
copper availability appears very dependent on the proliferation and 
water absorption of roots in the immediate vicinity of copper containing 
particles, the effects of variation in soil moisture relations appeared 
to interact with treatment effects. Nevertheless, clear trends were 
established in the raw grain yield data and the masking effect of site 
variation was substantially removed by objectively based adjustments 
to individual plots (by a multiplier according as to whether they were 
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tl'.l a. high-_ or iow~;ii elding s~ct~on of ~he. expetj.mental bloc1c) to produce 
adJusi;ed experiI!lental data which I believ~ gives a higbly accurate 
estimate of the relative performance of the experimental treatments under 
the conditions which existed at this site~ 
Table 2 shows both the raw and the adjusted grain yield results., 
2. Copp~r oxide compared with s1tl_phate,. 
'.fue o'.ldde was. superior or equal to the sulphate in the wet mixes;, 
The supetj.ority was most apparent in treatments 13-16 Le. the ).ow 
rate o:f application of the 0.,66% copper supE?r at the larger granule 
sizes. However3 these mixes are still subject to composit~on clleck. 
If.they are close to the levels specified by CSBP the results 
indicate that oxide is at least as satisfactory as sulphate in wet 
mixes in_ a typical copper deficient West Australian soilr 
In the dry mixes oxide was inferior to sulphate in all except the 
high rates of application,. This effect was evident where the dry 
mixes were topdressed immediately before seeding and crushing the 
mixes did not eliminate the differences between copper sources,. 
13& 
TABIE 2 - Qam~ny~ Y{he?-~ gra:i,r_i_yi~J..d,s. rrom_ e~erlment 77LG.30/2247EX (1977f 
in which the influence of several variables on the effectiveness 
of copper fertilisers ·were tested~ - ·· · 
.Adjusted d.ata open; raw data enc+osed in.parentheses~ 
. -2 " 
Grain yields kg x 10 /ha 
.. ·Cu kg/ha 
I 
.. 
' . 0 0.; 165 0~33 . 0.66 .. ". ". ~- - -·. --· .. 
Nil· Cu:·· , . '. .. . •; '·' .. 3.7 (4;,7) . . . . .. . - - --··· ··-· - .. ·- ... 
W.M. Cu as SO 
4 
(s) large granules *:5!5(:5!6) 
Ox-ide (0) . . ' . * 7!2('6~7) 
s * 7.3(7~4) 
·O ·*10~0(11!3) 
s *10.2(11.0) 
0 {}10.4(. 9~.4) 
C.M. S Not crushed 8.3(7.5) 9.6(9.4) 9.5( 9.9) 
0 7.6(7,,4) 8.8(9o4) 8.;8( 9.3) 
S Crushed 9.9(9.9) 9.9(10.5) 10.5(10.6) 
0 8.1(8.2) 8.8( 8.3) 10.0( 8.8) 
W.M. Comm. No. 1 shallow drilled 
deep II 
D.M._ S TD IBS crushed 8.8( 9.3) 
0 7.5( 7.2) 
··~ . 
o. 51. 
Sprayed 6WAS S 0.54 kg/ha Cu 11.2(12.6) 
IBS s 1.25 II 
IAS S. 1 .25 " . '··. 
.. 
.. 
( quintals /ha) 
. ' .. . '' ' .. 
•c••'' 
1 ~32 " . . ·2~64 . , .. 
. . 
"" 
"9!0 ( 9~ 1) 9~~ (9!8) 
9~ 1 (8.8) ·9~4· (10~0) .. - . . - -. . 
10.3 ( 9,8) 10;.3 ( 9~9) 
<, 
(10!8)·. 10.4 (10.0)·. 10.2 
" " -···· 
10.4 (11.0) 1 P.8 (11 .6) 
10.6 ( 9.9) 10.6 ( 3.9) 
10.3 ( 9.9) 
10.4 ( 10.4) 
10.2 (10.9) 
10 .. 2 (10.3) 
8.3 ( 7.3) 
9.9 (10.2) 
1,.25 
" .. ' 
10.4( 10. 7) 
8 .. J( 9.3) 
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Footnote to Table g .... 
W~'reatm(IDf,S 1~-iB diiiled_ittJ:ij()QJ~gfJ:i4-supe~ com~r.e( W:i_t}i ~0()_-kgjha 
super fo:r __ a:µ _other -l!r~atmE)nt,s.. Thi.s _means _that_ the n~1Je:r _of qqpper 
containing granules applied in treatments 13-18 were appr6Ximately half 
that in comparatively wet mixes at higher rates of Cu application. 
Note (1) Cu content of fertiliser mixes has not yet been checked 
by chemical ~alysis and are therefore still subject to 
possible errors in preparation •. 
(ii) The recommended rate of application of copper diluted with 
super on this soil type is 1.,32 kg/ha Cu based on a large 
number of trials using copper sulphate dry mixed not crushed~ 
The_ inferiority of oxide to sulphate in dry mixes was fairly similar to 
our experience i,n previous trial comparisons where an equal result could 
be obtained by using 50-100% more contained Cu as oxide than sulphate. 
" 2.. Wet mixes compared with dry mixes,, 
Large granule wet mixes were markedly inferior to dry mixes not 
crushed and even :inore so where the dry mixes were crushed., Doubling 
the rate of Cu application from 1 ~32 kg/ba Cu to 2,64 kg/ba Cu with 
the wet mixes and large granule size still provided sub maximal Cu 
su:PPJ.y and large granuled wet mixes at. 2~64 kg/ha Cu were only as 
good as 0"'33 kg/ba Cu as sulphate dry mixed. The inferiority of 
large granuled wet mixes was even greater at the 0~66 kg/ha Cu 
applied by halving the number of gra:rrules (compared with the 1,32 
kg/ba Cu wet mix J.arge granule) and was markedly inferior to 0.165 
kg/ha in dry mixes,, 
By contrast the fine granuled (a gritty powder) wet mixes performed 
as well on the dry mixes crushed1 and probably better than the dry 
mixes not crushed,, 
Wi. th the number of granules provided by the medium granuled wet mix 
1,,32 kg/ha Cu treatments the Ou supply appeared equal to that provided 
by the dry mixes at the same rate.· However, with the lower number of 
granules provided by the 0~66 kg/ha Cu treatments the medium granuled 
wet mixed sulphate treatment was inferior to the dry mixes at the 
0~66 kg/ha Cu rate whether crushed or not. The corresponding wet 
mixed oxide treatment was equal to the dry mix crushed and superior 
to the dry mix not crushed. 
In summacy the effectiveness of wet mixes vis a vis dry mixes was 
greatly dependent on the granule size of the wet mixes as well as the 
granule number,, Fine granuled wet mixes were superior to dry mixes 
not crushed whereas coarse granuled wet mixes were markedly inferior. 
Fine particle~ wet mixed oxide appeared markedly superior to dry mixed 
oxide and equa,l to, or superior to, dry mixed sulphate. 
3. Particle size (in these treatments this is largely confounded with 
number of .particles per unit length of drill row) exerted a dominant 
influence on the effectiveness of the various copper fertiliser 
treatments. The restraint on the effectiveness of wet mixed Cu fert-
iliser was such that d01J,bling the rate of Cu appllcation from 1 .. 32 
kg/lla to 2 ~ 64 kg/ha had little effect on (adjusted) yields and when 
• • lJ'.B 138 
P§.rttc~e-·rium1Jer as we'll as Cu rate was reduced from 1.32 kg/ha 
C11 to 0 .. 6t, the large granuled wet mixes resulted in. severe Cu 
deficiency (of fine granuled wet mixed treatments and dry mixed 
criishen treatments at the same rate of Cu application .,. 0.66 
kg/ha.Cu)e 
c:rUshing the dry mixes also increased the effectiveness of the 
fertiliser Cu,. 
The implication of the effect of particle size of wet mixes are 
obvious and of very great importance if wet mixes are to be used. 
4. Interaction between Cu sources, methods of incorporation and 
particle size. The strong interactions between these three vari-
ables have been dealt with above, 
f5. Dri_lled vs topdres sed dry mixes (crushed)~ Topdressing crushed dry 
Cu super mixes :i,Jmnedia tely before seeding (after ploughing) ·was in.,. 
ferior to drilling the same mixes with the seed. The superiority 
of sulphate over oxide seen in the dry mixed drilled treatments was 
maintained in the dry mixed topdressed treatments. 
6. Depth of drilling wet mixed commercial No. 1 Cu Zn Mo super. Deep 
drilling was clearly superior to shallow drilling in these conditions 
which did not favour root proliferation in the top few centimetres 
of soil due to long periods of dry conditions. 
7. Surface spray application immediately after seeding was inferior 
to spraying irmnediately before seeding, probably again ciue to the 
dry condition of the surface soil for long periods. The IBS spray 
application was relatively more effective than the TD IBS DM crushed 
applications as would be expected by the more even distribution of 
a much greater number of fine spray particles compared with the 
lower number of larger solid fertiliser Cu particles. 
The lower rate of Cu sprayed 6WAS as a foliar spray gave the highest 
yield of any treatment in this experiment but whether this was a 
real difference is uncertain. 
Recommendations: (Provisional on materials having the composition 
as specified). 
1. Copper oxide was a satisfactory form of copper for use in wet mixes 
under the conditions of this trial and appears as suitable for use 
in commercial wet mixes as copper qulpbate. 
2. In line with our previous experimental evidence in dry mixes 50 to 
100% more Cu as oxide than as sulphate is required to provide the 
same copper supply to wheat. (For materials of the same particle 
size characteristics as used in this trial)~ 
3. Coarse granuled wet mixes are unsatisfactory copper fertilisers. 
Medium granul~d wet mixes are satisfactory at the granµle number 
per unit length of drill row provided by 200 kg/ha of mix. There 
is reason to doubt their effectiveness at lower levels of granule 
numbero Fine granuled wet mix appears superior .to medium granuled 
material but is less easy to han,dle in the paddock. A suitable 
compromise would be a material containing no coarse granule~, no 
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fines below 0,.5 mm and consisting of an evenly graded material 
that will pass a 10 mesh sieve. 
Crushing dry mixes appeared to double the effectiveness of the 
C?pper contained in them (based on substitution rate) b1;i.t results 
in an objectionably dusty product prone to compaction in the drill 
box. Although crushing d:cymixes would allow a 50% reduction in 
the required copper rate, farmers would probably be prepared to 
pay for the extra copper required in order to permit the U§e of a 
more gTanular material. The extra copper that would be applied 
provides additional security that more than enough copper has been 
applied to satis.ty the requirements of decades of subsequent crops. 
Again it would be expected that a satisfactory material for use in 
dry mixes would be greater than 0.5 mm diameter but pass a 10 mesh 
sieve. 
5. Shallow drilli~g of copper fertilizer reduces its effectiveness 
compared with deeper drilling at least under the soil and mositure 
conditions of this experiment. Farmers should ensure that copper 
fertiliser is placed at least 5 cm deep either by drilling it that 
deep with the seed or ploughing any topd.ressed application in~ 
6. Like shallow drilling a wet mix, topdressing a dry mix before 
seeding (in the absence of incorporating by ploughing) reduces the 
effectiveness of the copper application compared with drilling it 
to medium depth under the soil and moisture conditions of this 
experiment. Ploughing afier a topdressing would be recommended. 
7. Spray application, surface apPlied .before seeding, appears .to be 
at least as effective as the most effective fertiliser mif~S drilled 
at a medium depth at comparable rates of Cu application and was 
superior to the topd.ressed before seeding fertiliser applications. 
This seems readily explained by more even dsitribution of the very 
much greater number of finer Cu particles which result from a spray 
application compared with fertiliser. The relatively low degree 
of mixing achieved by the disc drilling operation was sufficient-to 
supply enough copper for maximum yields in the case of the spray 
application but not the topd.ressed fertiliser applicationi With 
the spray application before seeding no ploughing appears necessary. 
However, a soil spray application after seeding was relatively 
ineffective. Therefore, any soil spray application should be done 
before seeding. 
8. A foliar spray at 0.54 kg/ha Cu 6 weeks afier seeding can be 
recOI)'llilended to give results as good as or superior to soil appl:], .... --
cations of much higher rates of Cu but may be inadequate to sustain 
ma.xiIIIUIQ yields for decades of subsequent crops. 
/fo 
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1.1.2. Copper content of youngest .fully emerged leaf and index of 
copper uptake .. Leaf samples-were taken (20 leaves/plot) on 
31.8.77 and analysed for Ca concentration. 
Table 3 shows the treatment means for Cu concentration in the - -
leaves and an index of copper uptake derived by multiplying 
.actual mean treatment yield by mean treatment leaf conc'entra-
tion. 
TABLE 3 - cU concentr~tion in youngest-f1i:lly emerged leaf (?th-leaf) ~{;Ullpied 31.g.77 from experiment 
77LG30 and index of Cu uptake (Cu in YFEL x actual grain yield). _ 
.. 
. , , ·Nil Cu's .... . -
Wet Mixed; Cu as sulphate (s); Large granules 
Oxide· (0) 
.. - .. .. - . - . . , , ···-
s Medium 
, . 0 
. ., ~ . , . 
•· s Fine 
... 0 
, , , , .. . -- . 
D:cy- Mixed s Not crushed 
-
0 
, - . , .. . , , - ,. 
s Crushed 
0 
-
Ws~ Mixed; Comm .. No. i1 Shallow into dry soil 
. ' .. Deeper into moist soil 
- ·-
Dry Mixed S TD IBS Crushed· 
.... '' . ·O . , , 
- - . - - -·- -
Sprayed6.~S s 0,; 54 kg/ha Cu 
1 WBS s 1.25. II II 
.. 1 WAS ·---.,s 1.25 it II 
.. . 
(L) 
., .. 
Ou core in YFEL open; actua.1 gra:Ln yield x Cu core 
in.YFEL.enclosed.in parenthesis . 
. ·eu kg/ha 
O· O; 165 · · . 0.33. 0;66 , . 1.32 
1~4 (5) , , 
1 :,6 (9) 2.:.2 (20) 
2~0(13) , , 2!5 (22). 
,. 
2.1 ( 15) 2.4 (24) 
2'!4 (2g) 2.3 (23) 
,.,_ 
2~3 (26) 2~4 (27) 
2.g (27) 2.. 9 (29) 
2.2 (16) 2.4 (22) 2.5 (25) 3.0 (29) 
' 2.2 (16) 2,3 (21) 203 (21) 2.7 (2g) 
2o3 (23) 2.5 (26) 2.5 (27) 2.5 (27) 
2.1 (17) 2.0 ( 16) 2.;,4 (21) 2.6 (27) 
., 
1.9 (14) 
2.,3 (24) 
-
2~4 (22) 
2,;0.{14) 
, ... 
10~3 ( 129); ... 
2.9 (31) 
2.2 (?O) 
-2.64 
2.;2 (22) 
2.,2 (22 
···-
2.;6 (26) 
2!3 (25). 
2.1 (24) 
3,3 (29), , . 
, , 
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~1bu ~;r::ft~k~f §~~=. r:~t~~~t~ni~h~1:~ i~~~:~!i!i·· ~~~u~rr;f3 --- · ·- ··· · ···-· ...... -- '··---·· - --·-·-· ......................... ,_ - ....... _ ...... _ ... __ .. 
bf f!~~{~--:.~~ryi~~~ ~a~s 9~fe t~: !:~~m~:t4n~f~~~a{~~u~{~)\~~ 
in thepqorer~E3ct:i.on~_wbi],e_to:tal Oµ_upt[ike ~s ::Lrlcti,qated_bythe tnqex 
was more constant for individual treatments over the whole of the block. 
f:q.-__ generai t~e:r-e i~ goo~· ~greemen-t:; bet~e-er.i the :t;:i;~nds eviden~ in the - -
adjusted yield data and those in the index of Cu uptake data. (See also 
fige _ :1) ! .... WholE? _top samples have yet to be analysed by G. C. L. 
'.!-'he._~r:i_~ical_level of Cu in YFEL for maximum grain yield in tlti.s case 
WciS_~po~:t 2.1_ppm C11- somewhat higher than the 1.5 ppm Cu foundin all 
otJ::ier t:r;Lals. _ TJ;ti..s is p:robab],.y a:t lea13t partly due :to the variabiJ,.tyy . 
in_ copp~r =?upp],.y1 bQth native _?-Ild_applied, _along the drill :rows of_ each 
plot, so that_ev(3n sc:unples f'rom treatments whiqh gfiye sub-nomin?l yields 
included some plants which were not deficient as well as those which 
we~. -IIO}iev~~ it' m_~y also be that -the moisture stress which the plants 
hadeJq>erienced_up_to the time of sampling and which had restricted 
vegetative growth resulted in higher Cu levels at tbis time than had 
moi,sture been not so limiting. This moisture stre'ss was dramatically 
eliminated by substantial rains from the middle of September to maturity 
permitting rapid vegetative growth and presumably a dilution in growing 
point copper levels to those associated with deficiency in all oUr other 
trials. 
~o 
z..o 
I'S 
IQ 
0 
e FI c. I e 77 LG-30. R £ /..- If r 'o N s H ''° . 73 ~ 1 /,.)If'~ fV tJ 1-1 € 111,,. C u <)Pr '4 r. t& 
c.,/ 
' \p)/ 
~ti'/ 
......... / 
J "1D£1 p.µ-:p Cu APrL•~I> By Vttt1.1ovs /rl/£"iHa:IS 
( 5c;: h-,,.,. f:oR l<(iy ro LE.,..,t!P.s) 
_..,, - - ..2' ~(ol_ t=' -
/ 
....... / / 
y/ 
......... 
// ....... 
--·-----···--· 
. ~w~f'l\~S)_1/(l~-:7;~-=---==~===~:==:;;=: ~"1_(oLm- - - -...... 
/..__ - -
./ 
-:... - -
O·cb /·3Z.. , 
AP••1c:r. Cv J<~ / /, Q 
W.J!) (o_l L:_ _ _ 
•• 
\ . - . . - 13 
2. C9pper ~ Nitrogen, Zn and Mo on wheat. 
2.1.. L~ ,Robj,,n,son 1 s, . .N,ambl_ing. '~::'~" .._~l' ':)~ ~ ··~ \ r.i--: '.. ~"-! ~. ~ : ) 0, 1.J r:.·.i '> .... >.c\t~"f l.~ ...:, ~ ,; ":"~ ,J ~ ..... -·~~i..·-.. ~ ,; .. ~.rP 
. • 8 ·: <~t··s.o11. ·"tfpe {-J°.tr.r.: ,."" \:;Grey or8wd ·1ateritic earthy sand (Gn 2.21} 
~:'l 1. ~'-' .l.1.0 ... ~ ! •-I ...;. .c t :-~~ j .: 1 ~ J .. :1 (..';I "T"".., '-", (" 0: 2 ~ ( .. .,..,..-""I ~-~ f' •• ' ;- l ..., ~ ( :..,.,.. ., '.- ,., '., ~- 'l . ~ ~ ..... \ 
":.' :.~1· ::. History~.,.·'-~··' : .' .:. .~Qi4.1i:D:a:·· ~~ea~d;·an<f cl?v°e:r:~d ~everal years. 
atJ'i • '-'~:::.i~·qc£ ;;~ E.U ~.u·--CJ;'opp~d.11_9(q. ·: ·,,. . : .. ,·: , · 
-· • -· Jv.:_· .• r-_; <:.''. ;·: ':.i.· c Li'!' ·Sev'ere· copJ)'er·r(ieficiency occurred· in wheat and 
'··1'-i..3 _·:·::: '' J. :'1-<_:~·1 '· 4 .' barley l:n ·1979r--A Cu-containing- fertilizer · 
-....... '-~".) ·;r· · ·~· "• · ·.'stf.i.p appli'ed~j,nc.1976 occurred diagonally 
.p'·~0 •3 .: 1 ~ r·;c _:< '.".J ,~· Jacross·'the experimental block.· 
. _ ~eding depth: · 
_.. ..,. .1..,t .. .... !,. ~I "_j • • ~ 
11Sha1!6w". 
J.~i 1 _:,_, :· • ...... ~:~ < • • 
Variety: 
Basal Super: 
Plot size; 
RESULTS 
r • T\ . . . 
·Trace element mixtures·were dr,Y-mixed at 
South Perth. 
Trace elements were applied drilled with 
the super at seeding. 
Agran treatments were topdressed immediately 
after seeding •. 
Gamenya @ 50 kg/ha. 
250 kg/ba. 
2.1 x 200m. 2 replications in randomised 
blocks. 
TABLE 4: Wheat grain yields and copper content in youngest fully 
emerged flag leaf sampled 5.10.77 • 
. .... -- -
Nil Cu previously Within 
Cu ppm 1976 Cu Strip 
Grain kg/ba YFEL 
Mo 180 Zn 1 Cu 0 30 0.7 1.5 
II II ti 3.3 81 0.7 1.2 
II II " 6.6 61 0.7 1.2 II 11 II 13.2 163 0.9 1.4 
" " II 0 + Agran 100 26 0.5 1.6 11 II II 3.3 + II II 54 0.7 1.4 
II II II 6.6 + " II 95 1.0 L6 II II II 13.2 + ll II 205 0.8 2.0 
" " Zn 0 Cu 
6.6 + " II 96 o.9 1.8 
Mo 0 Zn 1 Cu 
6.6 + II 11 75 0.9 1.8 
Mo = molybdenum oxide g/ba; Zn = zinc oxide kg/ba; Cu = copper sulphate kg/ba; 
Agran = ammonium nitrate kgjba. 
Comments: The copper applied d:ry mixed with the super drilled with the seed in 
1977 was less effective than it has ever been in my previous experience~ 
1+5 
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Eh!~~. ~f the Mghes~ Cu sulphate J:'ate ( 1 J.2 kg/ha) Cu defi<?iency 
symptoms wer~ clearly evident .. bn many. plant~. near anthesis. 
However, in the s't;rip applied across the experimental block the 
p:rev;t~us year no symptoms were se(3!!1 even whe;r~ rio Cu was _appl:i,ed 
in !977 & It is believeg.. that th€) PI'E?vio~s Cu Cl.PPl~ca-j;ionwas 
n() mo!'e than 6.6 kg/ha Cu sulphate. This appears_-t:;o ha,ve been 
an o~tstanding example of the ineffectiveness 9f Cu applied. 
dri~led_with the seed in the year of application compared With 
copper applied previously and mixed with the soil by subsequent 
operations. 
The i~effectiveness of the copper applied in 1977 may be 
explained by shallo.w drilling in a drought year on the basis 
that root development and interception of applied copper 
particles in the dry surface zone was extremely limited by 
lack of moisture. See also 77LGJO. 
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3. Wheat Grain Copper Analysis • 
... - ·- .. 
The.fol~owing report from Prof. Loneragan of Murdoch Universtty on 
wheat ear samples we have supplied 11.tm is self-explanatory and will 
be of great interest to advisers as it indicates probable success 
with grain analysi.s for Ou diagnosis. 
Cu analyses of farmers' grain samples 
A tiached please find analyses of the grain samples you collected 
from farmers' crops last November. 
We selected heads of wheat at random from your sample. From each. 
heac:i we selected 2 sub-samples consisting of s_ingle grains_ where each 
grain weighed more than about 30 mg and of several grains where grains 
were smaller. We attempted to get a large variation in grain size 
within each head_, 
,, E~sentially we have found 
1. variation between values for grain from a single head is 
usually small; 
2. variation between heads is large. 
I believe that this indicates that the Cu status of individual heads 
of wheat vary greatly in field crops. Analysis of a bulk sample may 
therefore give a poor indication of copper status of the crop. We 
suggest that a better indication will be given by analyses of grain 
from single heads or analyses of individual grains from bulk samples. 
This would involve analysing many samples and estimating the % of 
heads of wheat of varying Cu status. 
From other preliminary data we have, I suggest the following relation-
ship between Cu concentrations in individual grain or grain from 
individual heads and the Cu status of t~t head of wheat. 
Serious Cu deficiency _ 0.5 ppm 
Marginal Cu deficiency 0.8 ppm 
Adequate Cu 1 ppm 
Using these values I have made an assessment in the attached sheet 
of the Cu status of the samples you supplied. 
In using this assessment please remember that I need more data from 
field experiments to test the relationship of copper concentration 
in grain to copper status of crops. I am hoping that your field 
samples from Newdegate will provide this information. It would also 
be most valuable if it were possible for you to test the assessments 
I have made through Cu response trials on farmers' properties. 
However, I realise this may be impossible. 
I would be pleased to discuss the attached results with you and their 
implications for diagnostic testing of field crops. 
l4-1 
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Assessment of Cu status of field samples of wheat 
collected by J. Gartrell in November 1977. 
Cu status 
s M A L Overall 
Smart 
3707 lj) 40 20 deficient 
3703 50 50 deficient 
3709 50 50 marginal to adequate 
Scalding 
3705 100 marginal 
76 LG 25 
3703 50 50 deficient 
~ 
3723 50 50 deficient 
v. Hall 
3700 100 luxury 
3699 100 luxury 
3717 100 luxury. 
3713 100 luxury 
3719 100 luxury 
Fordham 
3710 lj) LP 20 deficient 
3711 50 50 deficient 
3712 60 adequate 
Dunham 
3713 100 adequate 
3715 50 50 deficient to marginal 
Mer red.in 
3721 100 luxury 
3722 50 50 marginal to adequate 
3723 100 adequate 
3724 lj) 60 luxury 
3725 100 luxury 
3726 100 luxury 
s - severely Cu deficient 
M - marginally Cu deficient 
A - adequate in Cu 
L - luxury level of Cu 
CONCENTRATION OF CU IN GRAIN FROM HEADS OF WHEAT COLIECTED FROM FARMERS CROFS BY J. GARTRELL IN NOVEMBER 1977. 
Cu in ppm 
Farm Property Crop Head Categories of grain size in mg 
. '. ''' . . . ~ .. ~;Rep <. 5 1 0 1 5 
J. & c. Smart 3707 + 0.34+ 1 0,.45 
2,54+ 2 2o32 
3 
0.41 + 4 
5 
- . ~ ., ·- ... -. -
3708 1 
0.35+ 
2 0.33+ 
,. 
3709 1 
2 
D. Scadding, Mordetha 2705 1 0.62+ 
Suspected Cu deficiency 2 0.87+ 
l ... 
76LG25 - Newdegate R.S. 3703 1 
Suspect~d Cu deficiency 2 
.... , ... ,-, .. 
M. Dyer ~3728 1 0 40+ 
c/o D of A, Gerald ton ~3729 1 0:51 +I 
Susnected Cu deficiencv I 
., . '· * These samples were bulk grain already separated from heads. 
+ Grain shrivelled. 
20 ~~ 35 45 
0.76+ 
0.57+ + 0.90+ 0,.58 
Oe58+ · 
1 
0.76 
0.92 ,... 
........ 
0.74+ 
0.75 
-· 0.67-f • 
l 0~54 
. 0.50-f 0,..76~ 
-.. ·,-.,,, 
.. 
x 
50 Head 
0./.1) 
2.43 
0.91 0.84 
0.49 
0.74 
0.63 0.60 
0.34 
0.93 0.84 
1.04 0.98 
0.68 
0.81 
0.60 
0.63 
0.36 0.38 
0.?9 0.70 
~ -
x 
' '' . Crop·· 
0,98 
0.47 
0.91 
0,74 
0.62 
CONCENTRATION OF CU IN GR.A.IN FROM HEADS OF WHEAT COLIECTED FROM FARMERS CROPS BY J. GARTRELL IN DECEMBER 1977. CONT 1D. 
Cu in ppm 
Farm Property Crop Head Categories of-grain size in mg x x 
1< ! 
faep <5 1 0 1 5 2 p 2~ 3 ) 45 5 0 Head Crop· 
' 
i 
1.28+ 
' 
Jo Fordham I 3710 ''. 
.. 
1 -· 
Piawanning Old l~d. 0.44+ 0.56+ 
1.02 1.15 
2 0.50 Shrivelled heads in I 3 0.71 .. affected paddock. o. 71 
i 
4 
0.72-t 
o.68 ! 0.68 
0.42+ 5 0.97 0.70 
. 
0,75 
' 
I 
Slightly less shrivelled 
0.74+ heads in affected paddock 3711 1 0.73 
0.51+ 
0.74 
I 2 0.49 0.50 l 
- I 0.62 
1.33+ 
i 
Heads from healthy crop 3712 1 
2.06+ 
0.84 1.08 
in adjacent paddock 2 2.36 2.21 
3 1.32+ 1.42+ 1.37 I 
1.07 
4 
2.75+ 
1.01 1.04 
5 1.89 2.32 I 
,, ( 
1.60 
N. Dunham 3713 1 1.41+ 1.47+ 1.44 
Nth L. Grace New land 200 I 
1 
of No. 1. Healthy drill I 
1. 31 + . 1 .38+ 
' 
rows·sowri.deeper. 2 1.34 ' 
l I 1.39 I I Suspected Cu deficient rows 3715 1 I l 0.57 sown shallow~ I 0.48 0.52 ' i 1.07 
j 2 I 0.<18 1.02 ft ' I . " 0.77 ' ----- ---
CONCENTRATION OF CU IN GRAIN FROM BEADS OF WHEAT COLLECTED FROM FARMERS 1 CROPS CONT'D lr1 
\ -Cu in. ppm 
Crop .Head. Categories of grain size in mg x x 
. ~;Rep 1 0 1 5 2 0 2l5 35 4B 5 J Head .Crop .. ' ' ' .c:.) 
v. Hall 3700 1 
4.08+ 
4.18 4.95 4.,56 
Newdegate 2 3.85 3.98 
Normal plants +.27 
., ' " 
"' 
5.75+ 4.97+ 3699 1 
6.04+ 5.37+ 
5.36 
2 5.70 
5.53 
' Miscellaneous samples 3717 1 2.58 3.03 2.80 
Empty heads not thought 2 2.96 ,, 3.16+ 3.06 
I to be Cu deficient on ) 1.50, 1.60, 1.55 
4 1.94 1.96, i 1. 9i; O' basis of appearance i .... 5 1.97 1.97 
I 
2.27 
.+ 
3718 
3.98+ 
3.88 1 
5.37+ 
3.79 
2 4.25 4.81 
' 4.34 -··-
4.38 
3719 1 4.70 4.54 
2 4~53 4.86 4.70 
" 
~ 
4.62 
CONCEWTRA.TION OF CU IN GRAIN FROM HEADS OF WHEAT COLIECTED FROM FARMERS' CROFS CONT'D. 
Cu in ppm 
w,,,,..,,, --' CT'<!m HAJ:>n . Categories of .Q"I'ain size in mg " .v 
I 
~ep ""' 5. 1 o-: 1 5 
.. 2 0 2 5:· 3 5" 4 ... -· 
., 
. ---
Merredin Research Station 
Droughted crop 3721 1 3.72 4.05 
2 3.52 8.96 
R. Williamson 3722 1 0.70 1.28 0.91 
S. Yilgam 2 , .... 1.14 
' Droughted crop 
Cowam 
Narembeen 3723 1 1o29 1.31 
Droughted crop 2 1.88 
R. W:llliamson 3724 1 2.74+ 3.l2+ 
s. Yilgam 2 0.94 0.96 
Droughted crop 3 1 .41+ 1.28 
4 2.97+ 2.70 
5 3.72+ 
_ __.. - ·-'"'" --
Sth. Bencubbin ·• 4.33+ . ·- ' 
3725 1 3.74 
Droughted crop 2 l...1.1.. .. .l..32 
Sth. Bencubbin 3726 1 2.65 3.87 
Droughted crop 2 3.64- 3.go 
x 
5-~ 5 o: Head 
3.88 
6.24 
o.oo 
1.21 
1.30 
1.86 1.87 
2.93 
0.95 
1.34 
' 2.84 3.85 . 3.78 
.. ,~ ... , -· -
'-. 
4.62 4.56 
l..c38 
3.26 
3.77 
x 
Crop 
5.06 
1.00 
1.58 
2.37 
l...4.7 
3.52 
. ·-
-~·. 
r .. 
0 
C\l 
I 
CONCENTRATION OF CU IN GRAIN FROM BEADS OF WHEAT COLLECTED FROM FARMERS' CROPS CONT'D. 
Cu in ppm -Fann nronert:v Crop Head Cate2ories of ln"ain size in m2 x x 
I I I 
;Rep '5 1 0 1 5 20 25 35 45 ;o .. ··Head Crop _, 
Noon gar 3727 1 0.72 1.45 1~08 
2 1.51 1.55 1~53 
Droughted crop 3 2.02+ 2./iS 2"25 
4 1.47 1.52 1.50 
5 l .12 1 -33 - . '. ·1.22· ' ' 
' 
. ' ' . ' ' '.' ' '' . '' -1.52 
, . 
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4, ~~pper residua~ on pastures. 
4.1 75AI24/2247 EX 
P. Buxton~ Redmond 
Soil type: 
1977 RESULTS. 
Plantagenet Peat. (Trial commenced 1975.on 
newley cleared land that had been limed). 
Varieties sown 1975: Strawberry clover @ 
1.8 kg/ha. Mt. Barker sub: 3.6 kg/ha; Yarloop 
sub: 3.6 kg/ha. 
Mixed clover sampled 3.8.77 and analysed for Cu and Zn content. 
Sampled under waterlogged conditions. 
ppm in pasture 
TREATMENT Cu Zn 
Zn 0 Cu 0 4.6 33 
Zn 0 Cu 11 in 1975 drilled 8.9 27 
Zn 3a3 in 1975 +Cu 11 in 1976 T.D .. 12 38 
3.3 in 1975 Cu 11 in 1975 Zn 
Zu 
II 
II 
II 
" 
7.8 38 
1a65 in 1975 +Cu 5.5 in 1975 drilled + Cu 5.5 in 1975 T.D. 8.3 35 
II II II II II + " 1977 T.D. 28 37 
" II " +Cu 0 6. 1 35 
II fl II +Zn 1.65 T.D. in 1975 6.3 3$ 
" " " + Zu 1. 65 T. D. in 1977 6.4 ~ 
Cu level of nils is about twice that which would have been expected. Other 
Cu figures appear high also. Shows a decline in time of the effectiveness 
of the applied Cu although the apparent effectiveness of the appiied Cu 
is very much greater than that which was expected. 
Effects of previous zinc application are still apparent but the 1977 appli-
cation ha~ more effect than the 1975 application . 
.•• 23 
.. 
Zn 0 
Zn 0 
Cu 0 
- 23 -
Co~t'd 
Soil samples 1977 analy~ed for ammonium oxalate extractable 
Cu and Zn. Sq.mpling depth: 10 cm. 
ppm NH4.oxalate 
extractable 
Cu Zn 
0.25 1. 1 
Cu 11 drilled 1975 
Zn 3. 3 drilled 1975 + Cu 11 T.D. 1976 3.1 1.2 
Zn 3.3 drilled 1975 +Cu 11 drilled 1975 1 .8 2.7 
Zn 1.65 drilled 1975 +Cu 5.5 dr:Llled 1975 + Cu 5.5 T.D. 1975 2.9 2.6 
II 
II 
II 
II 
II 11· II + Cu 5.5 T.D. 1977 2.0 1.8 
II + 0 3. 1 2. 1 
II +Zn 1.65 T.D. in 1975 2.0 1.9 
II + Zn 1.65T.D. in 1977 1. 7 2.7 
L8 3. 1 
Considerable variability. Compared with nil application of Cu & Zn the 
effects of the application are large. 
4.2 67B2,3/1100 Bramley Research Stat~on 
Soil Types: Forest Grove, gravelly ·sand and Mungi. te sandy loam. 
History: Cleared 1959, lay idle until trial planted 1967. Sown to 
Woogenellup See also previous reports. 
Cu kg/ha applied 67B'.2 Forest Grove (Cu ppm) Mungi.te (Cu ppm) 
'1967 '' 1977 Arnm. Ox. Total Armp. Ox. Total 
0 " ., ' 0 o.6 1.2 0.5 1.4 
0.275 as S04 0 0.6 '. 1.3 0.6 1.5 
0.55 II 11· 0 0~9 1. 7 0.7 1. 8 
0.55 as oxide 0 0.8 1.5 0.7 1. 5 
1 • 1 as S04 0 1 .o 1. 7 o.8 2.0 
1 • 1 as oxide ' 0 0.9 1. 7 0.9 1. 7 
0 1 . 1 as S04 0.9 2.0 0.7 1. 9 
2.2 as so4 0 1.3 2. 1 1.3 2.3 
155 
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4.2 Cont'd 
The ammonium oxcil.ate extrac.table figures are viewed with some 
scepticism. Firstly the level of 0.6 ppm shown for the nil Cu 
treatment is Oe3 to 0.4 ppm higher than would be expected for 
a site as deficient as this is. 
Secondly the amount of applied Cu recove;red by total Malysis 
is much greater than that recovered by ammonium oxalate extraction 
regardless of whether this was applied only weeks before sampling 
(1977) or in 1967, ten years earlier. Normally we find that all 
applied copper accounted for by total analysis is also aijlmonium 
oxalate extractionv 
Regardless of these cautionary remarks it is clear that the 1967 
applications of 1~1 kg/ha Cu are still as effective in raising 
the ammonium extractable and."total copper levels in the surface 
10 cm as a 1977 application indicating that leaching has been 
negligible. This is in line with what was expected from plant 
analysis data obtained in previous years (plant figures for 1977 
are not yet available). 
Below are the figures showing copper content of experiment 62B1 
sampled 21.9.77 in which the marked effect of copper applied in 
1963 is still apparent 14 years later. In this trial the low rate 
of copper application 2.75 kg/ha copper sulphate (0.55 kg/ha) is 
just sufficient to maintain the copper balance in sheep continuously 
grazing the plots. · 
Copper sulphate applied kg/ha 
Total 0 
2.75 • 2.75 in 1963 
5.5 • 2.75 in 1963 + 2.75 · 
in 1968 
8~25 • 8.25 in 1963 
10.45 • 8.25 in 1963 + 0.55 
in 1968, 1969, 1970 & 1971 
Cu (ppm) in herbage 
sampled 21.9.77. 
3.3 
4.7 
6.3 
6.9 
8.4 
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5. Trace elements in relation to nutrition and rootrot on Dongara. 
calcareous sand@ 
5 .1 77GF.43/2247 EX. A. Criddle - Dongara. 
No take-all was observed but an unmeasured degree of an 
unidentified seedling wilt occurred in the first weeks 
after gerwination. In addition the potassium and nitrogen 
material$ .drilled with seed and supe~ gave the expected 
reduction in germination and establishment. · Basal super 
· 150 kg/Pa. Gamenya wheat 50 kg/ha. Old land which had had 
Cu and Zn previously. Long periods of only ve'J.Y dry 
conditions followed seeding. 
·'. ,• ". 
,:.,.' · ,; i · J • '• t I .•.' .. !.,,,·. )( ;:··.·\~ •..i -·· """ • 
: ',, 
I,' 
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RESULTS: Pl-ant numbers as at 18.8.77 and wheat grain yields from 77CE43 • 
.. 
-· ' .. ' ' ' ' .... ' 
tonnes/pa. Plant Cu ppm - . SOIL 
TREATMENT Grain yield No. YFEL- 16.8.77 pH Free D.T PA e~tractable ppm 
ea c~3· Cu Zn Mn 
Nil 1.08 15 
S/A 150 Dr. .79 13 
Na N03 201 Dr. .70 10 
Na N03 201 TD -: 1.02 17 
II + K2 so~ 197 Dr. .99 16 
II + KCl l 9 Dr. .60 12 
II + Fe' so~ 361 Dr. .94 17 
II + S 6 D • - . 1.00 18 
II + Cu so~ 8 Dr. .82 19 
II +ZnO Dr. ,90 19 
II + Mn soi 30 Dr. 1.10 18 
II +Mn + n + Cu + S. Dr. 1.10 19 8.7 8.3 29.6% 4.8 2.7 14 
II +Zn + Cu + S. Dr. .77 20 
II +Mn +Cu + S. Dr. 1.12 19 
II +Mn + Zn + s. Dr. 1.09 20 8~ 1 8.4 30.1% 0.5 1. 6 9.7 
" +Mn + Zn + Cu. Dr. 1.10 19 
Plant Nos. are per metre length of drill row. 
Comments: 1. Materials drilled mixed with the super depressed seedling establishment in the order Na N03 ~KCl 
>SIA and grain yield in the order_ K?J...;>_ NaN03;>S/A. ~ ·, ". · ~- ~ • - . _ _, . 
2. 
3. 
Apparent--irriprovements in seedling-establishment 
further improvements resulted from drilling the 
S >Feso
4
. 
occurred with Na N03 T~D. and on top of this 
following materials in the order CuSO 
4 
= ZnO >MnSO 
4 
= 
Yield appeared to be slightly depressed by NaN03 T.D. (compared to the Nil). Drilling MnS04 in all 
cases restored yield to the level of the nil or slightly higher. Drilling S above with NaN03 T.D. 
had no apparent effect on yield. Drilling Cu and Zn with NaN03 T.D. depressed yield markedly but 
had no effect where MnS04 was applied. Drilling Fe2 S04 with Na N03 T.D. also appeared to depress 
yield.o 
I~ .. 
~' 27 -
CONCLUSIONS: 
Near m¢mum_yiel4 was obtained with the basal super 150 kg/ha only 
treatment._ In the presence of NaN03 topdressed, CuS04, ZnO and- Fe2 
S04 alone i~creased seedling establisb.IDent but depressed yie~ds. _ 
MnS04 increa,sed seedling establishment, increased yields'· to the level 
of the super only treatment and in the presence of MnS04:the;re was no 
yield reduction with CuS04 and ZnO. 
The effect of MnS04 <;leserves further investigation. Note the bigh 
levels of leaf Cu recorded on tbis site. A small survey of 10 wheat 
crops on similar coW'.ltry in tbis district wbich had previously had 
fertilizer Cu applied showed similar luxury leaf Cu levels but many 
farmers in tbis district claim that repeat copper applications are 
beneficial. All our evidence suggests that any benefits from repeat 
Cu dressings on tbis soil are not due to a nutritional response. In 
fact in tbis trial the application of extra Cu in the absence of Mn 
resulted in yield lossr 
6, Lime, Magnesite and Mo 0:1;1. pasture. 
6,, 1 77BY2 P. Guimelli, Ferguson,. 
Treatments applied 10,5.77~ 
/Si 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11 • 
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6.1 Cont'd 77BY2. 
DRY MATTER ti.ha 
TREATMENT '11.7.77 29.8.77 1.11.77 TOTAL 
Basal Super only 1.4 100% 2.0 100 4.2 100 7.6 
Mollie 200g/ha 1.5 102 2. 1 107 4.1 97 7.7 
MoOx 600 " 2.0 145 2.6 131 4.0 '95 8.6 
Lime 1 t/ha 1 ~8 125 2.5 125 3.9 94 8.2 
" 1 " +Mo 200 1. 7 118 2.3 113 4.2 99 8.1 
" 1 II + Mo 600 2.0 141 2.4 120 4.1 97 8.5 
II 3 II 1.6 115 2.3 115 4.0 94 7.9 
II 3 II +Mo 200 1.7 118 2.6 129 4.7 111 8.9 
" 3 " + Mo 600 2.0 144 2.5 123 4.6 109 9.1 
Mg Co
3 1 t/ha 1. 7 118 2.0 
102 4.3 103 8.0 
" + Mo 600 1 .6 116 2.1 105 4.1 98 7.9 
Conclusion: A response to Mo which appears to fully account for the 
response to alkaline amendments. 
NOTE: Due to a backlog of up to 14 months for copper analyses at 
Govt. Chemical Labs. the chemical data from samples taken 
from many of the trials in the Trace Element Programme are 
not yet to hand. 
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